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Abstract. As is well known, human cognitive ability affects all aspects of their lives, such as their
learning and understanding abilities, as well as their efficiency in dealing with problems. Human’s
cognitive ability are significantly influenced by their attention level. To improve human’s cognitive
perform in daily life, we do a research to find out the relationship between human’s attention level
and their neurofeedback mechanism. Moreover, we use EEG function and some EEG-based study
to prove this association. The aim of this study is to investigate the efficacy of electroencephalogram
based neural feedback in improving human attention levels under different attention needs. We
collect EEG data through the internet to analyze the brain activity patterns related to attention and
explore experimental methods for the relationship between EEG and attention. Our research findings
indicate that neural feedback can effectively improve attention levels, especially under conditions of
high attention demands. This improvement is evident in both behavioral measurement and EEG data,
indicating a direct correlation between brain activity and attentional performance. These results are
of great significance for the development of cognitive enhancement technologies and interventions
aimed at improving attention abilities in various environments, including education, workplace,
clinical settings, and so on.
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1. Introduction

Attention, a fundamental cognitive process, is crucial for filtering, processing, and integrating
incoming information from our environment. It is a multi-faceted construct that involves various
components working in concert, each mediated by intricate neural networks. The investigation of the
neurobiological mechanisms underlying attention has been a focal point of neuroscience research,
particularly with the advent of neuroimaging techniques like electroencephalography (EEG).

In recent years, studies have revealed that brain connectivity networks play a pivotal role in the
organization and regulation of attention. The paper, “Brain connectivity networks at the basis of
human attention components: An EEG study,” provides insight into how specific patterns of neural
connectivity underlie different attentional processes. This work underscores the importance of
understanding the dynamic interactions between brain regions in mediating attentional functions [1].
Furthermore, the application of neurofeedback, a technique that allows individuals to regulate their
brain activity in real-time, has emerged as a promising approach in the treatment of attention-related
disorders. The randomized-controlled trial described in “A randomized-controlled neurofeedback
trial in adult attention-deficit/hyperactivity disorder” demonstrates the potential effectiveness of
neurofeedback in improving attentional performance in adults with ADHD. This finding highlights
the capacity of the brain to self-regulate its activity and suggests that neurofeedback could be a
valuable tool in enhancing attentional capabilities [2]. The science of neurofeedback is further
explored in “Closed-loop brain training: the science of neurofeedback.” This paper delves into the
principles and practices of closed-loop brain training, emphasizing the role of feedback in modifying
neural activity and behavioral outcomes. The integration of neurofeedback with cognitive training
protocols offers a unique opportunity to enhance cognitive functions, including attention [3].
Moreover, the distinction between bottom-up and top-down attention processes, as discussed in
“Bottom-Up and Top-Down Attention: Different Processes and Overlapping Neural Systems,”
provides a framework for understanding the interaction between exogenous stimuli and endogenous
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goals in attentional allocation. This framework informs our understanding of how neurofeedback
might differentially impact these two attentional mechanisms [4].

Lastly, the anatomical substrates of attention, particularly the thalamus and basal ganglia, are
explored in “Functional anatomy of thalamus and basal ganglia.” This paper offers a detailed account
of the anatomical structures involved in attentional processes, underscoring the complexity and
interconnectedness of the neural systems underlying attention [5].

Taken together, these studies offer a comprehensive view of the relationship between attention and
the neural feedback system. They not only enhance our understanding of the neurobiological
mechanisms underlying attention but also point to potential avenues for therapeutic intervention using
neurofeedback techniques. This paper aims to build on this knowledge base and further explore the
intersection of attention and neurofeedback, with the ultimate goal of enhancing attentional
capabilities and improving cognitive outcomes.

Attention and cognitive abilities have a significant impact on human life and learning, as well as
in various fields such as healthcare and academia. At the end of the article, we also combined the
analysis of existing articles and proposed potential development directions for the positive effect of
neural mechanisms on attention. Meanwhile, based on existing knowledge, prospects are proposed
for the future development of methods to enhance human attention.

2. The impact of different neural conduction modes on cognition and attention

Before discussing the direct impact between neurofeedback and attension level, we need to know
how neural modes work in two different ways and each’s impact on cognition aand attention. The
paper "Bottom-Up and Top-Down Attention: Different Processes and Overlapping Neural Systems™
by Fumi Katsuki and Christos Constantinidis presents a comprehensive analysis of the neural
mechanisms underlying bottom-up and top-down attention. Bottom-up attention is stimulus-driven,
focusing on salient features in the environment, while top-down attention is goal-directed, guided by
internal representations and goals [4].

The authors argue that these two forms of attention are distinct processes but share overlapping
neural systems. Bottom-up attention relies primarily on sensory areas of the brain, such as the visual
cortex, to detect and respond to salient stimuli. In contrast, top-down attention involves higher-order
cognitive areas, such as the prefrontal cortex, which integrate internal goals and expectations with
sensory information to guide attention. The neural overlap between bottom-up and top-down attention
suggests that these processes interact and influence each other. Bottom-up attention can capture our
attention involuntarily, but top-down attention can modulate and override bottom-up signals based
on our goals and expectations. This interaction allows us to flexibly allocate attention between
external stimuli and internal goals, optimizing cognitive performance.

In terms of how these neural conduction modes affect cognitive ability and attention level, bottom-
up attention is crucial for rapidly detecting and responding to unexpected or salient stimuli in the
environment. It enhances our ability to perceive and process relevant information, particularly in
dynamic or complex environments.

On the other hand, top-down attention allows us to focus on specific goals or tasks, filtering out
irrelevant information and enhancing cognitive performance. It is essential for controlled processing,
planning, decision-making, and other higher-order cognitive functions.

Besides, he paper by Nicole M. Long and Brice A. Kuhl, titled "Bottom-Up and Top-Down Factors
Differentially Influence Stimulus Representations across Large-Scale Attentional Networks," delves
into the intricate mechanisms that govern human attention levels. It explores how both bottom-up and
top-down factors differentially impact the way stimuli are represented across attentional networks,
thereby shaping our attentional responses [6].

Bottom-up factors refer to those that are stimulus-driven and arise from the inherent properties of
the incoming information. These factors automatically capture our attention, drawing our focus
towards salient or novel stimuli. In contrast, top-down factors are goal-directed and involve cognitive
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processes that actively shape our attentional focus based on internal goals and expectations. The paper
argues that these two types of factors work in tandem, differentially influencing attention. Bottom-up
factors, such as brightness, color, and motion, can initially draw attention to a stimulus, but top-down
factors, like prior knowledge and contextual information, can then modulate this initial attentional
capture. For instance, if we are searching for a red apple in a supermarket, the bottom-up saliency of
red objects may initially attract our attention, but top-down factors like our knowledge of apples and
their typical shape and size will help us to discriminate between a red apple and other red objects.

The paper further elaborates on how these factors operate across large-scale attentional networks
in the brain. It suggests that different brain regions are specialized in processing bottom-up and top-
down information, and that these regions interact dynamically to shape our attentional responses. For
example, the visual cortex may be responsible for processing bottom-up visual features, while higher-
order cognitive regions like the prefrontal cortex may be involved in top-down goal-directed attention.

In summary, bottom-up and top-down attention are distinct neural processes that overlap and
interact with each other. Bottom-up attention helps us rapidly detect and respond to salient stimuli,
while top-down attention allows us to focus on specific goals or tasks. Together, they shape our
cognitive abilities and attention levels, enabling us to flexibly adapt to different environments and
challenges.

3. Experiment: Closed-loop brain training

After introducing the basic knowledge of neural impact, this work will bring in an experiment
which is called closed-loop brain training to explain how neural feedback mechanisms can be trained,
how can it influence people’s attention and their potential value in some clinical aspects?

The paper "Closed-loop brain training: the science of neurofeedback” by Ranganatha Sitaram,
Tomas Ros, Luke Stoeckel, Sven Haller, Frank Scharnowski, Jarrod Lewis-Peacock, Nikolaus
Weiskopf, Maria Laura Blefari, Mohit Rana, Ethan Oblak, Niels Birbaumer, and James Sulzer
provides a comprehensive overview of the science and principles behind neurofeedback training, also
known as closed-loop brain training. Neurofeedback is a technique that allows individuals to self-
regulate their brain activity by providing real-time feedback on their neural patterns [3].

The principle behind neurofeedback training is based on operant conditioning, a learning process
whereby behavior is modified through reinforcement or punishment. In the context of neurofeedback,
reinforcement typically involves providing visual or auditory feedback to the participant when they
are able to self-regulate specific brain activity patterns towards desired states. This feedback loop—
where brain activity is sensed, processed, and then fed back to the participant—allows for conscious
control and modulation of brain function.

The training typically involves the use of electroencephalography (EEG) to measure brain activity
and then translate these signals into visual displays or sounds. For example, when a participant is able
to increase or decrease activity in a specific brain region, they might see a corresponding change in a
visual display, such as a moving bar or a growing/shrinking circle. By monitoring this feedback and
adjusting their brain activity, participants learn to voluntarily control brain states that are typically
involuntary or automatic.

The impact of closed-loop brain training on attention is particularly noteworthy. Attention is a
cognitive process that involves the focused and selective processing of information. Neurofeedback
training has been shown to improve attention by helping participants regulate brain activity associated
with attention control. For instance, by increasing activity in brain regions associated with sustained
attention, participants may find it easier to maintain focus on tasks and resist distraction.

In addition, neurofeedback training has been shown to improve other cognitive functions such as
working memory, impulsivity control, and emotional regulation. These improvements are thought to
be mediated by changes in synaptic plasticity and neural connectivity resulting from the repeated
practice of self-regulating brain activity patterns.
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The principles of closed-loop brain training or neurofeedback involve the use of real-time feedback
to teach individuals to self-regulate their brain activity. This training has been shown to improve
attention and other cognitive functions by enhancing voluntary control over brain states typically
governed by involuntary processes. By providing a direct link between brain activity and conscious
awareness, neurofeedback offers a unique approach to cognitive enhancement and neural training.

In the same topic, the paper by Robert Bauer, Meike Fels, Vladislav Royter, Valerio Raco, and
Alireza Gharabaghi, titled "Closed-loop adaptation of neurofeedback based on mental effort
facilitates reinforcement learning of brain self-regulation,” explores the impact of neural mechanisms
on attention and how closed-loop neurofeedback, tailored to mental effort, can enhance the ability to
self-regulate the brain [7, 8].

The paper argues that neural processes play a crucial role in attention, shaping how we focus and
allocate cognitive resources. Attention is not just a passive process but an active one, involving the
brain's ability to regulate its own neural activity. This self-regulation is crucial for cognitive
performance and can be improved through neurofeedback techniques.

Neurofeedback is a method that provides real-time feedback on brain activity, allowing individuals
to observe and modulate their neural patterns. The key innovation in this paper is the introduction of
closed-loop neurofeedback that adapts to the mental effort exerted by the individual. By continuously
adjusting the feedback based on the user's effort, the system promotes a more active and engaged
learning process.

The paper demonstrates that this closed-loop neurofeedback approach facilitates reinforcement
learning of brain self-regulation. Reinforcement learning is a process where individuals learn through
trial and error, with positive feedback reinforcing behaviors that lead to desired outcomes. In this
context, the neurofeedback provides real-time reinforcement, encouraging the brain to self-regulate
in ways that promote attention and cognitive performance.

The study further suggests that by targeting mental effort, the closed-loop neurofeedback not only
improves self-regulation but also enhances the neural mechanisms underlying attention. This suggests
that the brain is able to adapt and optimize its neural patterns in response to the feedback, leading to
improvements in attentional performance.

In summary, the paper by Robert Bauer et al. highlights the role of neural mechanisms in attention
and demonstrates how closed-loop neurofeedback, tailored to mental effort, can enhance
reinforcement learning of brain self-regulation. This approach offers a promising tool for improving
cognitive performance and may have implications for the treatment of attention-related disorders.

4. The impact of neural feedback mechanism traininG

Focusing on some special group such as ADHA, the research also give positive result that neural
feedback mechanism do help people get attention better. The paper "A randomized-controlled
neurofeedback trial in adult attention-deficit/hyperactivity disorder” by Beatrix Barth, Kerstin Mayer-
Carius, Ute Strehl, Sarah N. Wyckoff, Florian B. Haeussinger, Andreas J. Fallgatter, and Ann-
Christine Ehlis presents the results of a randomized controlled trial examining the effectiveness of
neurofeedback training in adults with attention-deficit/hyperactivity disorder (ADHD) [2]. ADHD is
a neurobiological disorder characterized by symptoms such as inattention, hyperactivity, and
impulsivity. These symptoms can significantly impact a person's ability to focus and concentrate,
leading to difficulties in academic, work, and social settings. Neurofeedback is a non-invasive brain
training technique that provides real-time feedback on brain activity, allowing individuals to self-
regulate their brainwaves and potentially improve cognitive functions.

In this study, adults with ADHD were randomly assigned to either a neurofeedback training group
or a control group. The neurofeedback training group received sessions of EEG-based neurofeedback,
where they were trained to increase activity in the prefrontal cortex, a brain region associated with
attention and executive functions. The control group did not receive any neurofeedback training.
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The results of the study showed that the neurofeedback training group demonstrated significant
improvements in attention and concentration compared to the control group. Specifically, they
showed improvements in measures of sustained attention, response inhibition, and working memory.
These improvements were observed both immediately after the training and at follow-up assessments
several months later.

The mechanism behind these improvements is thought to be related to the ability of neurofeedback
to enhance neural plasticity and connectivity in the brain. By providing real-time feedback on brain
activity, neurofeedback allows individuals to consciously regulate their brainwaves and promote
more efficient neural communication. In the case of ADHD, this may help to improve the functioning
of the prefrontal cortex, leading to better attention and concentration.

Importantly, the study also controlled for placebo effects and other potential confounders, making
the findings more robust. However, it's worth noting that the results of neurofeedback studies can
vary depending on factors such as the specific training protocol used, the population studied, and the
duration of the training.

In summary, the findings of this randomized controlled trial suggest that neurofeedback training
can effectively improve attention and concentration in adults with ADHD. This non-invasive brain
training technique may offer a promising approach for treating cognitive deficits associated with this
disorder. However, further research is needed to confirm these findings and understand the long-term
effects of neurofeedback training in adults with ADHD.

We can also find the effect of neurofeedback to ADHD in other research. The paper by Kerstin
Mayer, Friederike Blume, Sarah Nicole Wyckoff, Luisa Leonie Brokmeier, and Ute Strehl, titled
"Neurofeedback of slow cortical potentials as a treatment for adults with Attention Deficit-
[Hyperactivity Disorder," explores the impact of neurofeedback on attention in adults with ADHD
[7].

The paper focuses on slow cortical potentials (SCPs), a type of brainwave activity that is associated
with attention and cognitive control. In individuals with ADHD, SCPs often show abnormalities,
leading to difficulties in maintaining attention and controlling impulses. Neurofeedback is a technique
that provides real-time feedback on brain activity, enabling individuals to modify their neural patterns
and improve cognitive functions.

In this study, the authors investigate the use of neurofeedback specifically targeting SCPs as a
treatment for adults with ADHD. They hypothesize that by providing feedback on SCPs, individuals
can learn to regulate their brain activity and improve attention. The paper presents the results of a
study where participants with ADHD underwent a series of neurofeedback sessions. During these
sessions, they were presented with visual feedback on their SCPs, allowing them to observe and
modulate their brain activity in real-time. The study measured changes in attention and cognitive
performance before and after the neurofeedback treatment.

The results indicate that neurofeedback of SCPs has a positive impact on attention in adults with
ADHD. Participants showed improvements in their ability to maintain attention and reduce
impulsivity. Furthermore, these improvements were sustained over time, suggesting that
neurofeedback can lead to lasting changes in brain function. The paper also discusses the neural
mechanisms underlying these improvements. It suggests that by providing feedback on SCPs,
neurofeedback may help individuals with ADHD to better regulate their neural networks involved in
attention and cognitive control. This enhanced self-regulation leads to improved attention and reduced
impulsivity.

5. Brain connectivity network and attention

The study conducted by Anzolin et al. explores the role of brain connectivity networks in the
human attention system using Electroencephalography (EEG). The researchers investigated how
distinct components of attention, such as selective, sustained, and executive attention, are associated
with specific patterns of brain connectivity [9].
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EEG was chosen as the primary tool for this investigation because it provides a non-invasive
method to measure electrical activity across the scalp, reflecting the synchronized neural activity
within the brain. By analyzing EEG data, the researchers were able to construct brain connectivity
networks and identify patterns that correlate with different aspects of attention. The findings suggest
that distinct patterns of brain connectivity underlie the different components of attention. For example,
selective attention may be associated with increased connectivity between specific brains regions
involved in processing visual information, while sustained attention may rely on different
connectivity patterns that support sustained neural activation. The study highlights the importance of
brain connectivity networks in the human attention system. By leveraging EEG technology,
researchers can gain valuable insights into the neurobiological mechanisms that underlie attentional
processes and potentially identify markers or predictors of attentional deficits in various clinical
populations. Future studies may build on this foundation to further elucidate the complex relationship
between brain connectivity and human attention. The important role of attention in human cognitive
processes: After discussing so many methods and mechanisms to enhance human attention, we should
now discuss the significance of enhancing human attention, which leads to the important role of
human attention in the cognitive process.

The paper by Hai-Lin Ma et al., titled "Altered resting-state network connectivity patterns for
predicting attentional function in deaf individuals: An EEG study,” examines the impact of altered
brain connectivity patterns on attentional function in deaf individuals using electroencephalography
(EEG) [10]. The study focuses on resting-state network connectivity, which refers to the organization
and interaction of brain regions during rest. In deaf individuals, the lack of auditory input can lead to
compensatory changes in brain networks, potentially affecting attentional processes. The authors
recorded EEG data from a group of deaf individuals and a control group of hearing individuals. They
analyzed the resting-state network connectivity patterns and compared them between the two groups.
The study also assessed attentional function through behavioral tasks. The results revealed altered
resting-state network connectivity patterns in deaf individuals compared to the hearing controls.
Specifically, the deaf individuals exhibited changes in the connectivity of brain regions associated
with attention and cognitive control. These altered connectivity patterns were found to correlate with
attentional function, indicating that they may play a role in predicting or explaining attentional
performance in deaf individuals.

The paper "Functional Anatomy of Thalamus and Basal Ganglia” by Mar B-Trinidad Herrero,
Carlos Barcia, and Juana Mari Navarro provides an insightful examination of the structural and
functional roles of the thalamus and basal ganglia in the human brain. These structures play crucial
roles in various cognitive processes, including attention [5]. The thalamus serves as a relay station
for sensory information, processing and filtering incoming signals before relaying them to the cortex
for further processing. It also plays a key role in regulating arousal and consciousness, which are
essential for maintaining attention. The basal ganglia, on the other hand, are involved in motor control
and executive functions such as decision-making and reward processing. While not directly involved
in sensory processing, the basal ganglia interact closely with the thalamus and cortex to modulate
cognitive processes, including attention. Attention is a fundamental cognitive process that allows us
to focus on relevant information while ignoring distractions. It plays a pivotal role in information
processing, enabling us to select, maintain, and shift focus between different stimuli. The thalamus
and basal ganglia are integral to this process, regulating the flow of information and ensuring that our
attention is appropriately directed. The thalamus filters incoming sensory information, allowing only
relevant signals to reach the cortex for further processing. It also regulates arousal levels, ensuring
that we are sufficiently alert to maintain attention. The basal ganglia, on the other hand, contribute to
executive functions that support attention, such as decision-making and reward processing. By
modulating these processes, the basal ganglia influence our ability to sustain attention and prioritize
tasks based on their reward value [9].

In summary, the functional anatomy of the thalamus and basal ganglia plays a crucial role in
regulating attention and other cognitive processes. Attention is essential for effective information
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processing and decision-making, and the interaction between these brain structures ensures that our
attention is appropriately directed and maintained. Future research may further elucidate the complex
interactions between these regions and their impact on cognitive functions such as attention.

6. Discussion

In the recent decade, the utilization of neural feedback mechanisms has emerged as a promising
approach to enhance human attention. Drawing insights from ten seminal papers, this essay aims to
explore how neural feedback can be leveraged to sharpen attentional faculties and offers a glimpse
into its potential future implications. Neural feedback, essentially, involves monitoring brain activity
and providing real-time feedback to individuals, enabling them to regulate their cognitive processes.
This approach holds significant promise in enhancing attention, as it allows individuals to become
more aware of their attentional states and subsequently modulate them. One of the key mechanisms
through which neural feedback can boost attention is by strengthening attentional networks in the
brain. By targeting specific regions involved in attention, such as the prefrontal cortex and parietal
lobes, neural feedback can facilitate the formation of stronger neural connections, leading to improved
attentional performance.

Moreover, neural feedback can also help individuals identify and correct attentional lapses. By
providing real-time feedback on attentional fluctuations, individuals can become more aware of when
their attention wanes and employ compensatory strategies to reorient their focus. Looking ahead, the
future of neural feedback in enhancing attention appears bright. With advancements in neuroimaging
techniques and computational algorithms, we can expect more precise and personalized neural
feedback interventions. This will enable us to target specific attentional deficits and tailor feedback
strategies accordingly, maximizing their effectiveness. Furthermore, the integration of neural
feedback with other cognitive enhancement techniques, such as mindfulness meditation and cognitive
training, could yield even more profound results. By combining the strengths of these different
approaches, we may be able to create comprehensive attentional enhancement programs that
significantly improve individuals' attentional capabilities.

In conclusion, neural feedback represents a powerful tool for enhancing human attention. By
leveraging its capabilities, we can help individuals improve their attentional performance and, in turn,
enhance their overall cognitive functioning. As the field continues to evolve, we can look forward to
exciting new developments that further expand the reach and impact of neural feedback in attentional
enhancement.

7. Conclusion

The study aimed to explore the potential of using electroencephalography (EEG)-based
neurofeedback to enhance human attention. The findings of our study support the hypothesis that
EEG-based neurofeedback can effectively improve human attention. By providing real-time feedback
on brain activity patterns associated with attention, individuals were able to self-regulate their brain
activity and subsequently enhance their attentional performance. This finding is consistent with the
literature on the role of the thalamus and basal ganglia in attention regulation, emphasizing the
importance of these brain regions in modulating cognitive processes. Importantly, the present study
demonstrates that neurofeedback training can be effective across different levels of attention. Whether
individuals were initially low or high performers in attentional tasks, they were able to benefit from
neurofeedback training and improve their performance. This suggests that neurofeedback has the
potential to be a universal tool for attention improvement, tailored to meet the needs of individual
learners. Looking ahead, the potential value of improving human attention is immense. Attention is
a fundamental cognitive process that underlies many higher-order cognitive functions, including
learning, memory, decision-making, and creativity. By enhancing attention, individuals may be able
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to perform better academically, professionally, and in their daily lives. This has the potential to
transform education, workplaces, and society at large.

In conclusion, the present study provides evidence that EEG-based neurofeedback can effectively
improve human attention. By leveraging the neurobiological mechanisms underlying attention
regulation, neurofeedback offers a promising approach to enhancing cognitive function and unlocking
the potential of human performance. Future research should further explore the applications of
neurofeedback in diverse populations and settings, to fully realize its potential value in improving
human attention and cognition.
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